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Paper Mill Waste Water for Crop Irrigation 
And Its Effects on the Soil 
By BEN D. VERCHER,1 M. B. STURGIS,2 0. D. CURTIS,8 
A. L. NuGENT,8 L. L. McCoRMICK8 
INTRODUCTION 
The movement of the timber industry across the United States is 
t;- one of the highlights in American history. Great peaks of lumber pro-
duction were established in the Northeast from 1854 to 1870, in the 
Great Lake states from 1874 to 1900, in the South from 1900 to 1926, 
and in the western states from 1926 to the present time. With the 
gradual movement of the lumber industry from the South to the West 
during 1926 to 1930, came the influx of the paper mills. To many individ-
uals the location of paper mills in the South represented the coming of 
"spoilers," for it was felt that they would completely destroy the small 
portions of forest left by the lumber industry. Today, approximately 
35 years later, the paper industry is firmly established in the South 
with 73 primary pulp and paper mills in 12 southern states. Eight of 
these mills are in Alabama, 4 in Arkansas, IO in Florida, IO in Georgia, 
8 i;i Louisiana, 6 in Mississippi, 5 in North Carolina, 1 in Oklahoma, 
5 in South Carolina, 5 in Tennessee, 4 in Texas, and 7 in Virginia. These 
73 primary pulp and paper mills are valued at 3.7 billion dollars. They 
process approximately 26 million cords of pulpwood annually with a 
purchase price of 471 million dollars. Although 59 per cent of the 
nation's pulp is produced in the 12 southern states, the rate of tree 
growth exceeds the consumption of the steadily expanding paper in-
dustry. 
With the development of a new industry in an area, problems arise 
which have to be answered either from past experiences or by new 
trials. One such problem which confronted the paper industry was the 
disposal of tremendous volumes of waste water. The amount of water 
required for processing one ton of newsprint paper ranges from 8,000 
to 12,000 gallons. As this large volume of water leaves the mill system 
it carries with it dissolved solids, such as chlorides and sulfates of sodium 
and calcium, and varying amounts of suspended organic material. 
Waste water disposal generally has not been a difficult problem for 
mills located on large streams or near large bodies of water. However, 
for mills located on small streams close to agricultural areas, the 'prob-
lem of waste water disposal has been extremely important. 
The Springhill paper mill is situated on Bodcau Bayou, a relatively 
1Assistant Agronomist, Department of Agronomy. 
2Head, Department of Agronomy. 
sAssistant Agronomists previously in charge of field work at Springhill, La. 
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small stream. Water discharged from the Springhilll mill flows for ap-
proximately 100 mile through farm land in Webster and Bossier par-
ishes before entering Red River. 
The rate of discharge of wa te water from the Springhill mill is 
approximately 28,000 gallon per minute. This water is collected in 
four impounding basins during the pring and ummer months, from 
March through October. Wa te water is discharged into Bodcau Bayou 
from November through February, when the climatic conditions are 
favorable for it disposal. Low temperatures and large volumes of 
natural tream water for dilution are nece sary for waste water dis-
posal. Prior to l 946, precau tionar measure for proper dispo al were 
not strictly ob erved. During thi time claims of damages to fish life, 
livestock, crop , and oil were frequently made by farmers along Bod-
cau Bayou. A large number of damage claims were filed against the 
International Paper Compan , owner of the pringh ill mill. 
The International Paper Compan was interested in the be t dis-
posal of waste water conducive to the development of good company 
public relation . It entered into an agreement with Louisiana State 
University for the upport of a re earch program to study the effects 
of paper mill wa te water on soil , crop , and cattle production. M. B. 
Sturgis and L. L. McCormick of the Agronomy Department from Lou-
isiana State Uni er it e tabli hed the first experiments in 1948. The 
results of these experiment were published in Louisiana Agricultural 
Experiment ration Bulletin 529. 
In 1955, the experimental program was changed so tha_t the bene-
ficial effects as well a the harmful effects from the use of paper mill 
waste water for irrigation of variou crops could be determined. A 
second and very important pha e of the program was to determine the 
effects from prolonged u e of waste water on the phy ical and chemical 
properties of the soil. orne of the experimental plots received applica-
tions of waste water from 1952 through 1964. 
REVIEW OF LITERATURE 
The relation hip between plant growth, and saline and alkali oils 
have been de cribed in e eral e ten ive reviews of literature (9 22 
I, 52, 27, 42) .1 Mo t of thi literature involves the quality of u'riga~ 
tion water and it relati n to aline and alkali oil in areas of the 
arid West. In mo t ca e the practice and standards used in the arid 
regions are not appli able to the humid outh. Differences in soil type, 
climate, and ource of irrigation water mu t be considered before "toxic 
limit " or application pra ti e can b e tabli hed. Thi review of litera-
ture place empha i on the peculiar qualitie of irrigation water and t 
its effects on crops a ' ell a the chemical and phy ical properties of 
the soil. 
Iltalic number in parentheses refe r to Bibliography, page 4344. 
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In many instances too much emphasis is placed on attempting to 
answer the question, "How good is this water?" rather than, "How can 
this water be used best?" In many cases more consideration should 
be given to selection of suitable crops, climatic conditions, soil type, 
soil tillage practices, and irrigational operations, rather · than to "toxic 
limits" of salt concentration (30). 
Richards and Hayward (4 3) stated that remains of ancient irriga-
tion systems are evident in Mexico and the southwestern portion of the 
United States, and that modern irrigation practices date back to the 
developments of the Mormon pioneers in Utah in 1847. Today, it is 
estimated that there are more than 31 million acres of land under 
irrigation in the 17 western states and Hawaii. Richards and Hayward 
also stated that approximately 27 per cent of this land is affected by 
salt to some degree. From these figures it must be concluded that salt, 
more frequently referred to as "salinity," is a major and ever-present 
threat to crop production under irrigated conditions. 
Hilgard (26), one of the first agricultural research workers to en-
gage in the study of saline and alkali soils in the United States, indicated 
that considerable interest and concern over this problem was evident 
among farmers as early as 1879. Hilgard (24) divided "alkali" soils 
into two classes: (1) "black alkali," those soils containing sodium chlo-
ride, sodium sulfate, and sodium carbonate. The predominance of 
sodium carbonate results in the formation of an organic complex with 
the soil humus which becomes distributed over the soil particles, giving 
them a dark appearance, thus the term "black alkali"; (2) "white 
alkali," those soils containing neutral salts, sodium chloride and sodium 
sulfate, which often accumulate on the soil surface during dry weather, 
giving the appearance of a white coating. 
The United States Salinity Laboratory (42) proposed the following 
classification for salted soils: (a) Saline Soil ~ A nonalkali soil con-
taining soluble salts in such quantities that they interfere with the 
growth of most crop plants. The exchangeable sodium per cent is less 
than 15, and the electrical conductivity of the saturation extract is 
greater than 4 mmhos per centimeter at 25 °C. As a rule the pH 
reading of the saturated soil paste is less than 8.5. (b) Saline-Alkali 
Soil - A soil containing sufficient exchangeable sodium to interfere 
with the growth of most crop plants and containing appreciable quanti-
ties of soluble salts. The exchangeable sodium per cent is greater than 
15 and the electrical conductivity of the saturation extract is greater 
than 4 mmhos per centimeter at 25 ° C. The pH reading of the satu-
rated soil paste is usually less than 8.5 (c) Non-saline Alkali Soil - A 
soil that contains sufficient exchangeable sodium to interfere with the 
growth of most crop plants and does not contain appreciable quantities 
of soluble salts. The exchangeable sodium per cent is greater than 15 
and the electrical conductivity of the saturation extract is less than 
4 mmhos per centimeter at 25° C. The pH reading of the saturated 
soil paste is usually greater than 8.5. Various other classifications have 
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been made by Harris (18) and Sigmond (47) . However, the most 
common one in use is that of the Salinity Laboratory. 
Magistad (32, 33) summarized the processes which lead to the for-
mation of saline and alkali soils. The salvation effect of water on soil 
minerals removes the more soluble elements. If this water is allowed 
to collect in a given area where surface or ground drainage is un-
satisfactory, evaporation takes place and leaves an accumulation of 
salts in the soil. According to Magistad this type of salinization occurs 
infrequently. As a rule we find an area to be saline due to a large 
amount of soluble salts having been transported to the area in the 
form of ground water or as irrigation water. Magistad also spoke of an 
upward movement of water in a soil which may traverse underlying 
salt beds, bringing salt to the root zone of crops or even to the soil 
surface. Sigmond (48) stated that the presence of an impermeable barrier 
below the root zone is essential for the formation of saline soils. McGeorge 
(36) indicated that as a rule saline oils usually develop in areas where 
the rate of evaporation exceeds the average annual rainfall. 
Thorne and ~eterson (52) tated that as soluble salts accumulate 
in a soil, the less soluble salts of calcium carbonate and calcium sulfate 
precipitate, leaving large amounts of sodium salts. With the increase 
in concentration of sodium salts, the exchangeable sodium per cent 
increases, resulting in soil reactions becoming alkaline; thus the term 
"alkalization" is applied. Kell (28) stated that as the soluble sodium 
content of a soil increases an equilibrium between the soluble ions 
and the adsorbed ions is established. In general, if 50 per cent of the 
soluble cations pre ent are odium, the calcium and magnesium orig-
inally pre ent on the exchange complex will be replaced by sodium. 
Kelly further stated that as long as oluble salts are present in the soil 
solution in appreciable quantities, the soil will remain flocculated and 
permeable and have a pH of less than 8.5. 
Work by Byers (8) showed that when drainage conditions were im-
proved on saline soils or irrigation water was applied in abundance, 
adverse conditions could develop. If, upon removal of the soluble salts, 
the calcium content is low and the odium content is high, the sodium 
clays will hydrolyze to form free odium hydroxide. This results in 
deflocculation of the colloidal particle , followed by a high pH, and the 
soil becomes sticky, jellylike, and impervious to water. In such a case 
the soil could be rendered unproductive even though the soluble salt 
content may be below the limit of normally toxic conditions. Hilgard, 
Israelsen, Thome, and Kelly (25, 27, 51, 28) have all stated that where 
soils contain calcium carbonate or gyp um during the desalinization 
process, the calcium is exchanged for the sodium on the exchange com· 
plex. Under this condition the soil would be returned to a more pro-
ductive state. 
Harris (18) conducted studies on calcareous soils to determine the 
relationship between oil permeabilit and replaceable sodium. He show-
ed that the permeability of a soil decreases in a definite relation to the 
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increase of the sodium content. It was concluded that there is no critical 
danger point, but the effects on permeability are highly pronounced 
at a 30 per cent sodium saturation. 
Various methods of reclamation of salted land have been suggested. 
Israelsen and Hansen (27) listed four basic conditions necessary for a 
permanent reclamation program: (a) adequate lowering of water table, 
(b) satisfactory water infiltration, (c) leaching of excess salts out of 
the soil, (d) intelligent management of soil and irrigation water. 
Considerable differences in opinion have been expressed as to the 
safe alkali or soluble salt content which can be tolerated in a soil. Davis 
and Wilson (12) maintained that the variety of conditions affecting 
plant growth are so wide that no fixed minimum of safe alkali content 
can be established. However, it is generally suggested that if soils have 
less than 0.5 per cent of soluble salts, normal crop growth can be ex-
pected. With any increase above this level, crop growth may be re-
tarded or prevented. Lyerly and Longenecker (30) indicated there is no 
fixed critical point of salinity where plants fail to grow. As salinity in-
creases, plant growth decreases until the plants become chlorotic and 
growth ceases. With the increase in salinity, yield of crops becomes pro-
gressively less until it becomes uneconomical to harvest. 
It should be pointed out that heavy annual rainfall in the humid 
regions of the Sou th greatly reduces the chance for salinization to occur. 
Israelsen and Hansen (27) stated that these heavy rainfalls cause water 
to percolate through the soil and carry to the streams, rivers, and 
oceans large amounts of soluble mineral substances. McGeorge, Brea-
zeale, and Bliss (38) stated that in locations where the annual rainfall 
is less than 20 inches, salinization becomes quite common. Under normal 
conditions one would expect salinity to become a problem in the humid 
South only from the use of unsuitable irrigation water plus improper 
drainage. 
The quality of irrigation water has an important influence on the 
end results which may be expected from irrigation. Lyerly and Longe-
necker (30) stated that the quality of water is a relative matter, since 
the results obtained with a given water may be influenced greatly by 
crop grown, the soils, climate, management practices, and quantity of 
water available. They hasten to say that water analyses can serve as a 
valuable guide in estimating the salinity problem which can be expected 
and for determining management practices best suited for the water 
on hand. 
According to Thorne and Peterson (52) , the quality of irrigation 
water depends primarily upon its content of silt and of salt constituents. 
The most important aspects of the salt factor are total concentration, 
proportion of sodium to other cations, and presence of special toxic 
ions such as borates or carbonates. 
The relative effect of silt upon quality of irrigation water depends 
upon the nature of the silt material, and also upon the characteristics 
of the soil receiving the water. McGeorge (36), in working with soils of 
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the Salt River valley, found that the gradual accumulation of silt on 
this sandy soil through irrigation had a direct beneficial value. He stated 
that the additional ilt increa ed the plant nutrients and also increased 
the water-holding capacit of the e sandy soils. Thorne and Peterson 
(52) stated that in man case silt wa injurious. This is especially 
true when the ilt originate from the subsoils of eroded areas and is I 
deposited on the surface of productive soils. Also, silt accumulation 
may lower the permeabilit of oil , making further irrigation more 
difficult. 
The United States Salinit Laboratory (42) adopted four conductance 
ranges for classifying water according to salt concentration. The first 
two cla ses, 0-250 and 250-750 micromhos per cm., are considered safe 
under practically all conditions. The third class, 750-2,250 micromhos 
per cm., is con idered afe only with permeable soils and moderate 
leaching. A fourth class, above 2,250 micromho per cm. in conductivity, 
is generally unfit for irrigation u age. Thorne and Thorne (53) in-
dicated that other cla es hould be adopted in addition to those pre-
pared by the U nited tate alinity Laboratory, especially where saline 
waters are predominant. Their sugge tion were to include fourth 
class, 2,250-4,000; fifth class, 4,000-6,000; and sixth class, above 6,000 
micromhos per cm. in conducti it . As a generalization on the relation-
ship between condu ctivity and alt content, nearly all crops made good 
growth at a condu tivity of 4 millimhos per cm., which corresponds to 
a salt content of 0.2 per cent for a clay soil at 75 per cent saturation. 
On the other hand, 0.2 per cent alt in a sandy soil at 25 per cent satura-
tion would corre pond to a conducti ity of 12 millimhos per cm. 
McGeorge (36) stated that the quality of irrigation water is largely 
determined by the percentage of dium and calcium in water. The 
higher the calcium content, or the harder the water, the better its 
value for irrigation. cofield and Headley (46) made the following 
statement when ummarizing the re ults in a series of alkali soil recla-
mation experiments: "Hard water make for oft land and soft water 
make hard land ." The further indicated that an irrigation water con-
taining calcium would render a oil friable and easy to work, increasing 
water penetration and pre enting puddling in a oil. They found that 
ju t the oppo ite was true when odium was the predominant cation 
present in irrigation water. 
Kelly and co-worker (29) found that the application of saline water 
to a soil for a number of ear changed the chemical and physical 
propertie . In ome ca e a marked effect was evident, the speed and 
nature of change being go erned b the oil type, salt composition, 
and salt oncentration. The al o found that in irrigation water con-
tammg a odium-calcium ratio greater than 2: l the adsorption of 
sodium tends to increa e proportionately. However, if the ratio of 
sodium to calcium i 2: I or le , er little odium is adsorbed and the 
irrigation water would be considered high! desirable. ;,· 
In 1953 the United States alinity Laboratory (42) proposed a new 
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concept in the classification of irrigation water. The proposed sodium 
adsorption ratio (SAR) was considered to be a better evaluation of the 
sodium hazards of various waters. This ratio is based on cation ex-
change equations and is theoretically more closely related to the ex-
changeable sodium percentages (ESP) found in the soil. 
Smith and co-workers (49) classified irrigation water with regard 
to the ratio of ions of calcium plus magnesium versus sodium as 
follows: Water containing 50 per cent calcium plus magnesium but 
less than 50 per cent sodium was considered satisfactory; water con-
taining 35-50 per cent calcium plus magnesium and 50-65 per cent 
sodium was considered of doubtful quality; water containing less than 
35 per cent calcium plus magnesium and more than 65 per cent sodium 
was considered to be of poor quality. An alternate classification was 
also used where irrigation waters were grouped according to their 
chloride and sulfate content: concentrations of 0-175 ppm chlorides or 
0-350 ppm sulfates were considered as good irrigation water; 175-290 
ppm chlorides or 350-600 ppm sulfates were considered of fair quality; 
over 290 ppm chlorides or over 600 ppm sulfates were considered as 
poor irrigation water. 
Thorne and Peterson (52), in discussing irrigation practices and 
their effects on soil, stated that where irrigation is extensively used, 
soil permeability is greatly reduced, aggregates are broken down, soil 
aeration is retarded by crust formation, and clods appear upon tillage 
of the soil. 
Blosser and Owens (5) , working with pulp mill effluents, found that 
as the sodium adsorption ratio (SAR) of pulp mill effluent exceeded 
a value of 9, infiltration was retarded. This was attributed to sodium 
replacing calcium and magnesium in the exchange complex, which re-
sulted in dispersion of the soil aggregates. Fortier (16) agreed that 
where sodium replaces calcium and magnesium on the exchange com-
plex, a decrease in soil aggregation will occur followed by a decrease 
in infiltration rate. Harris (17) stated that the decrease in infiltration 
will not be as pronounced in sandy soils as that observed in the 
clays, loams, and highly organic soils because of the greater surface 
area and adsorptive capacity exhibited by these soils. 
The frequency of irrigation and rate of application per irrigation 
have received considerable emphasis where saline and alkali soils are 
involved. Kelly and co-workers (29) pointed out that the salt concen-
tration in the oil olution is likely to exceed that of the irrigation 
water applied. They found that within several days after irrigation, 
the salt present in the soil solution became three to six times greater 
than that of the irrigation water. As the wilting point was approached 
the salt concentration was considered to be IO or more times that of 
the water applied. This phenomenon was considered to be very im-
portant in the tendency for a soil to acquire increased amounts of 
adsorbed sodium. Thorne and Peterson (52) stated that salt concen-
tration in a soil solution tends to approach that concentration of salts 
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present in irrigation water when sandy soils are involved. However, 
where heavy clay soils are irrigated, the salt presen t in the soil solution 
could be 100 times that of the irrigation water. Magistad and Christian-
sen (33 ) suggested that where alinity is a problem, frequent irrigation 
with quantities of water from 5 to 30 per cent in excess of the amount 
lost through evaporation and by plant consumption should be used. f ' 
The excess water will allow for the removal of soluble salts through 
surface drainage and from percolation. 
Wadleigh and Fireman (55) also suggested that frequent applica-
tion of exce s water were most desirable for furrow irrigation. They 
found that the u e of mall applications of water tended to allow for ~ 
the accumulation of salt near the ridge of a row. In some cases the 
soil on the ridge was found to contain 5 to 6 per cent salt, while the 
soil in the furrow bottoms contained only 0.2 per cent salt. Thorne 
and Peter on (52) found that plants sometime suffer from lack of 
water under aline condition , although the soil is still well supplied 
with moisture by all standard accepted for nonsaline soils. They 
suggested that the application of larger amounts of water is necessary 
on saline soil becau e a large portion becomes unavailable to the plant. 
Numerou reports dealing with plant re ponse on salt-affected soils 
have appeared in arious re iews and journals. According to H ayward 
and Bernstein (19), the nature of alinity effect on plants can be stated 
as follows: poor eed germination or eedling emergence; reduced water 
uptake by plants becau e of increa ed osmotic pressure in saline soils; 
and decreased ab orption of e ential nutrients, with the accumulation 
of some toxic ion . s earl a 1877 some researchers reported that 
salt olutions around plant roots would reduce or pre ent water ab-
sorption by plants. Eaton (14) in 1942 stated that when plants were 
grown in aline solutions, the were reduced in size without any other 
change in general appearance. Hayward and Spurr (21), while inves-
tigating substrate with high o motic concentrations and their effect 
on water entry into corn roots, found that as osmotic concentration 
increa ed, water intake decrea ed rapidly. They stated that substrates 
of high osmotic concentration tended to inhibit meristematic activity 
and elongation of the root. nder the e condi tions the water intake 
rate in the older root portion wa greatly reduced. 
Bernstein (3), from the re ults of recent studies, stated that lowered 
turgor in plant , a o iated with increased moisture stress, can no 
longer be held re pon ible for the lack of growth on saline media. 
By conditioning the ro ts of pepper and cotton plants in a solution 
of high o motic pre ure for e eral hours, he found that water-
absorbing capacity of roots appeared to be unaffected by salinity. 
Thi information i contradictor to earlier reports which indicated • 
that plant roots had a ery limited capacity to adjust to osmotic pres-
sure. Under this con ideration, Bern tein offered two suggestions as to 
why plant growth is retarded under aline conditions. First, it is 
possible that in o motic subcellular units the plastids and mitochondria 
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may not adjust to higher osmotic pressures despite the apparent capac-
ity of the vacuole to do so. Second, osmotic adjustment may usually 
be achieved only at the expense of growth reduction. 
Certain ions present in a soil solution can exert specific effects which 
depress plant growth and yields independent of the osmotic pressure 
effects. This type of injury is usually associated with the accumulation 
of harmful concentrations of the toxic ions without a significant change 
in mineral composition of the plant. Bernstein and Hayward (4) cited 
cases in stone fruits where crops were injured because of a direct 
toxic condition exhibited by the sodium and chloride ions. It was also 
shown that toxic effects occurred at an osmotic concentration which 
was considerably below the level that normally restricted crop growth 
and yield. 
Salinity may also inhibit growth in plants because of effects on 
plant nutrition. Hayward and Wadleigh (22) stated that high concen-
trations of sulfate generally decreased the uptake of calcium while 
promoting the uptake of sodium. Depending upon plant species, this 
conditioh could show up as a calcium deficiency or as sodium toxicity. 
Hayward and Long (20) pointed out that under high salinity conditions 
protein synthesis was greatly retarded even though plant tissues con-
tained large amounts of carbohydrates and nitrogen. 
The effects of alkalinity on plants differ from those effects caused 
by salinity. Thorne and Peterson (52) stated that the effects of 
alkalinity on plants resulted from high exchangeable sodium, toxic car-
bonate ions, and high caustic alkalinity. Ratner (41) and others have 
shown cases in which plants suffered from calcium starvation because 
of a high exchangeable odium content. Thorne (51) stated that car-
bonate ions are highly toxic to plants. Their concentration is considered 
to be a direct function of pH, which makes it difficult to distinguish 
between carbonate and hydroxyl ion effects on a plant. Thorne and 
Peterson (52) stated that, under conditions of high alkalinity, organic 
matter is dissolved, which in many cases includes the smaller plant 
roots. These conditions are brought about by hydrolysis of the sodium 
clay, resulting in the formation of sodium hydroxide and sodium car-
bonate, followed by a very high pH. 
Boynton (6) indicated that normal plant growth was restricted on 
saline and alkali soils to a large extent by poor drainage and aeration. 
Working with apple tree roots, Boynton observed the following: between 
0.1 and 3 per cent oxygen in the soil, roots subsisted but did not 
grow; at 5 to IO per cent oxygen, the root tips grew; at 10 to 12 per 
cent oxygen, water absorption increased; above 12 per cent oxygen, new 
roots formed. The rapid diffusion between soil, air and the atmosphere 
is necessary in order to maintain an adequate oxygen supply in the 
soil pores. Under saline and alkaline soil conditions, it is common to 
find that aeration and infiltration are both very poor. Richards and 
Hayward (4 3) stated that if the infiltration rate of a soil is less than 
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0.1 inch per hour, special water management problems are involved 
and corrective measures should be taken. 
Raney (40), in di cussing the role of irrigation in the humid agricul-
tural eastern half of the nited State , stated that rainfall seldom 
coincides completely with crop needs. He stated that annual rainfall 
for this area range from 25 inche in the northwestern part to 60 
inches in the outhern region. McGeorge, Breazeale, and Bliss (38) 
stated that in locations of 20 inches or less of annual rainfall, salinization 
of soil becomes quite common. However, as rainfall increases progres-
sively upward from 20 inche , the tendency for salinization to occur 
is greatly reduced. This hould explain the fact that salinity in the 
humid regions usually o cur under abnormal conditions. -f1 
In many in tance the problem of soil salinization in humid areas 
is of short duration becau e of heavy rainfall. The work reported by 
He ter (23) indicates the effects of rainfall on oil salinity. During 
March 1932, alty water from the Che apeake Bay in Virginia flooded 
several thousand acres of farm land. fter the flood waters were re-
moved, an anal ysis of the 0-3.3 inch layer of soil showed 0.150 per cent 
salt as sodium chloride. During July the salt content reached 0.341 per 
cent as sodium chloride in the 0-3.3 inch layer. This increase was at-
tributed to a very dry ummer. Analysi of the 0-3.3 inch layer during 
December showed a de rea e in the alt content to 0.063 per cent as 
sodium chloride. The rainfall for July through December was 19.3 
inches, which account for the large amount of salts which were 
leached from the oil. He ter al o pointed out that oils which had been 
freshly cultivated before the salt water intrusion retained, after the 
water re eded, a larger percentage of alts than did the pasture areas. 
It was also found that as la and organic matter contents increased 
in a soil, the salt retaining power al o increa ed. 
Maclntire and co-worker (31), working with an alkali soil brought 
from Colorado, demon trated the fact that heavy rainfall removes large 
amounts of alt from the oil. They u ed a Grand Junction sandy loam 
in lys imeters in enne ee to mea ure the leaching effect of heavy 
rainfall. By u ing a 1 :4 oil to ' ater extraction ratio the water soluble 
salt were determined prior to the oil' being placed in the lysimeters. 
The contents of water oluble alts 'ere: calcium, 16,300 pounds; mag-
ne ium, 13,700 pound ; pota ium, 940 pound ; odium, 8,900 pounds; 
sulfate , 7,540 pound ; and chloride, 24,000 pound per acre. The fol-
lowing amounts of the ariou elements were remo ed during four 
years of leaching b an a erage annual rainfall of 47.2 inches: calcium, 
12,~00 pound ; magne ium, 16, 00 p und; odium, 10,000 pounds; po-
ta wm, 600 p und; ulfate, 7,000 pound; chlorides, 26,000 pounds 
per a re. The rainfall for the fir t year was 58.8 inche and accounted 
for the removal of 90 per cent of the total amount. ' 
hapman and co-\ orker (10) u ed irrigation water containing about 
800 ppm total salts for 10 ear in an orange grove experiment with-
out salt a cumulation. he a erage annual rainfall was 18.5 inches. I 
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During the next 4 years the average rainfall was only IO inches and a 
definite salt accumulation occurred. The following year brought an 
annual rainfall of 23.9 inches, which eliminated the salt problem by 
reducing the total salt accumulation by one-half. 
Fieger and Sturgis (15) pointed out that irrigation water contain-
ing rather large quantities of soluble salts has been used on rice in 
southwestern Louisiana and southeast Texas. However, with the very 
high annual rainfall and the practices employed in the rice growing 
area, where farmers alternate years of flooding with fallow years or 
with cultivated crops, the saline conditions which sometime develop 
are transitory and are usually evident only after the use of the saline 
irrigating water. 
Sturgis (50) reported that rice farmers in Louisiana have found 
that if a soil is already moist with fresh water, rice will tolerate the 
following concentrations of salt as sodium chloride in irrigation water 
at different stages of growth: 
35 grains per gal. or 600 ppm - tolerable at all stages of growth. 
Not harmful. 
70 grains per gal. or 1,200 ppm - rarely harmful and only to seed-
lings when soil is dry enough to crack. Tolerable from tillering 
on to heading. 
100 grains per gal. or I, 700 ppm - harmful before tillering. Tolerable 
from booting to heading. 
200 grains per gal. or 3,400 ppm - harmful before booting. Tolerable 
from booting to heading. 
Sturgis has further stated that it is difficult to generalize on the re-
lationship between the amount of salt in irrigation water and the re-
sultant accumulation of salt in the soil. However, it is commonly accepted 
that crops will tolerate the accumulation of at least 0.12 per cent salts 
in the soil based on dry weight of the surface soil. 
Russell (44) stated that the quantity of salt which can be tolerated 
by a crop is dependent upon the osmotic pressure of the soil solution. 
As a soil dries or the per cent salt increases we observe an increase 
in osmotic pressure. Russell also stated that for normal soils in the 
temperate regions, the osmotic pressure of the soil solution at the 
wilting point is under 2 atm. and that no crop can make any appreciable 
growth in a solution having I 0 atm. of osmotic pressure. Russell stated 
that the free energy of a solution in a soil is approximately the sum 
of the free energy change due to the dissolved salts and that due to the 
curved air-water menisci bounding the solution in the soil pores. Both 
of these quantities can be measured in units of atmosphere. Hence, 
if the osmotic pressure of the soil solution is 3 atm., and it is under a 
suction of 3 atm. in the soil pores, then plant roots will have at least the 
same difficulty in using the water from this solution as they would if 
the soil contained pure water at a suction of 6 atm. Plants were grown 
in a loam oil to which no sodium chloride or 0. 1, 0.2, or 0.4 per cent 
sodium- chloride had been added, and were watered when the average 
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moisture content of the soil had fallen halfway, two-thirds way and 
nine-tenths way from field capa it to the wilting point, as determined 
in the salt-free soil. According to Russell (44) , Wadleigh and Ayers 
showed that beans, maize, lucerne, and cotton could extract water 
from soils with free energy reduction of 8 to 9, 10.5 to 11.5, 12 to 13, 
and 16 to 17 atm., respectively, when only about 2 atm. were due to 
the suction with which the oil held the soil solution, and the remainder 
to the osmotic pressure caused b the dissolved sahs in the soil, in this 
case sodium chloride at concentrations of 0.1, 0.15, 0.25, and over 0.25 
per cent, respectively. However, at these high salt concentrations the 
actual growth of cotton and lucerne was very much restricted. Hay-
ward and Spurr (21) showed that maize roots absorbed water at only 
one-third the rate from a olution ha ing an osmotic pressure of 
4.8 atm. as they did from a olution having an osmotic pressure of 0.8 
atm. 
Apart from the o motic pre sure due to alt concentration, soil 
moisture tension may be too high to allow sufficient moisture move-
ment for the support of an increa ing rate of growth. Except during 
hot, dry weather, growth i not likely to be retarded at moisture 
tensions of less than 4 atm. However, case have been cited where 
hot, dry weather cau ed limited moisture stres at moisture tensions 
as low as 1 atm. 
With stream and river pollution recei ing unfavorable attention in 
recent years, variou method ha e been undertaken for land disposal 
of industrial wastes. Cannerie ' ere the first indu trial group to con-
sider waste water irrigation as partially beneficial. Sanborn (45) stated 
that cannery waste wa fir t pra ed on the land to reduce the quantity 
of material which entered the stream urrounding the cannery. Sinr;e 
there was no apparent harm to the oil , the cannery waste was later 
applied to company crop , which re ulted in increased yields during 
periods of low rainfall. fcKee (39) , working for the Kraft Foods 
Company, et up an experiment to study the possibility of irrigation 
for the di po al of dair wa te . The di po al of 80,000 gallons of waste 
per day wa accompli bed on three acres of land. Re ults indicated 
that as long a the odium content of the wa te water wa below 150 
ppm, the infiltration rate wa not appreciably affected. However, as 
the odium ontent ex eeded thi alue, the oil became loaded with 
ex hangeable odium, lo t its ability to ab orb water, and became ex-
ceedingly hard. 
Bre ka and Erick on (7) u ed dair waste for the irrigation of pas-
tures in an effort to determine the chemical effect upon the oil. Water 
whi h wa applied to meet crop need had the following composition: 
sodium, 375 ppm; chloride , 40 ppm ; calcium, 69 ppm; potassium, 
80 ppm ; and magne ium, 39 ppm. fter the irrigation season, soil ... . 
samples were taken and anal zed. nder the e condition increases 
in yield of irrigated pasture o er nonirrigated pa ture were obtained 
with no observed detrimental effect on the infiltration rate. 
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Mather (34), in a report given at the Eighth Industrial Waste Con-
ference in 1953, presented a progress report on the irrigation project 
of the Seabrook Farms. This company, one of the leaders in the frozen 
vegetable industry, uses from 5 to 10 million gallons of water per day 
in food processing. Research proved that 400 inches of water per year 
could be sprayed on some forest land without seriously harming the 
vegetation, clogging the soil pores, or resulting in swamped areas. 
EXPERIMENT AL PROCEDURES AND RES UL TS 
Field Experiments 
Acadia very fine sandy loam was the soil used in this investigation. 
The Acadia (Almont) series is composed of a somewhat poorly drained, 
acid soil developed from alluvium of the Pleistocene epoch. The native 
vegetation was a mixture of pine and hardwood trees. Acadia soils 
have a grayish brown silt loam or very fine sandy loam surface soil 
ranging from 7 to 20 inches in thickness. The upper portion of the 
subsoil is clay or silty clay, which is light gray mottled with red and 
brown. They occupy level or nearly level areas having slopes of 0 to 3 
per cent. Surface runoff is slow to moderately rapid. The surface layer 
is moderately permeable, but the subsoil is very slowly permeable. 
Paper mill waste water used in the irrigation experiments was ob-
tained from the impounding basin adjacent to the paper mill. This 
basin collects the mill effluent, which is later transferred to other 
impounding basins for storage until conditions are favorable for dis-
charge of the waste water into Bodcau Bayou. 
The experiments reported in this publication were conducted on 13 
acres of land adjacent to a waste impounding basin located near the 
International Paper Company mill at Springhill, Louisiana, plus 8 acres 
of land located l mile south of the paper mill on Louisiana Highway 7. 
Use of Paper Mill Waste Water and Fresh Well Water for Irrigation of 
Corn in a Rotation of Corn, Oats, Cowpeas, and Vetch 
The first experiment in this study was established in 1952 by L. L. 
McCormick and had received the same type of irrigation water and 
crop treatment since that date. Results from the initial experiment 
conducted on the same area from 1952 through 1956 were published 
by McCormick (35) in Louisiana Agricultural Experiment Station Bulle-
tin 529. The work reported here covers the period from 1957 through 
1964. 
Three acres of the experimental area adjacent to the waste water 
impounding basin were divided into three blocks of equal size. Each 
block was then divided into three plots and each plot planted to a 
different crop. In each plot there were three subplots involving water 
treatments as follows: one subplot received no supplemental water, one 
subplot received fresh well water, and the remaining subplot received 
paper mill waste water. 
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The practice of applying a given quantity of irrigation water per 
plot was employed from 1952 through 1954 with no deleterious effects 
upon crop yields being ob erved from large applications of waste water. 
In 1955 the observation wa made that crops could best benefit by 
the application of water when needed. With this in mind the experi-
ment was changed to include the beneficial effects derived from the 
use of waste water for irrigation when the crops needed water. The 
practice of irrigating in relation to need of the corn crop for water 
wa a continual practice from 1955 lhrough 1964. 
The crops used in the rotation program were as follows: corn was 
followed by oats which were cut for hay, oat were followed by cow-
peas which were turned under as a green manure crop, and cowpeas 
were followed by vetch which wa al o turned under a a green manure 
crop ahead of corn. Corn wa the only crop irrigated in the rotation 
program; thu a given plot wa irrigated only in alternate years. 
Corn was planted between the date of pril 8 and pril 20 in the 
8 years of experimental work pre ented in thi report. The varieties 
of corn used during the experimental period were Dixie 11, Dixie 55, 
Funk's 779-W, Funk' 730, and Funk' 732. ~ 
Each year fertilizer wa applied at the rate of 600 pound of 12-12-12 
per acre at planting time. When the corn wa approximately 24 inches 
high it was side-dre · ed with 200 pounds of ammonium nitrate per 
acre. 
The furrow method wa u ed to irrigate the corn, with small levees 
constructed between the corn row to allow for better control of water 
flow and to prevent the lo of water from the ends of the plots. Corn 
irrigation wa condu ted according to the crop need, and for an 8-year 
period was approximate] 6 inche per ear. Because of the high rain-
fall during the 1961 growing ea on, corn plots were not irrigated that 
year. Data showing corn ield from 1957 through 1964 are presented 
in Table 1. naly is of thi data howed a ignificant increase in yield 
from irriga tion. There wa no ignificant difference between the bene-
TABLE !.-Effects of irrigation with paper mill waste water and fresh well water on 
the yield of com grown on cadfa very fine andy loam 
Well water \< aste water oc irrigated 
Year Yield of corn in bu hels per acre• 
1957 94.l 88.8 60.3 
1958 100.9 86.l 54.2 
1959 98.3 95.5 77.9 
1960 90.6 94.4 42.2 
1961 119.7 121.9 118.0 
1962 78.l 78.8 17.0 
1963 92.5 95.5 87.7 
1964 79.8 75.8 61.8 
8-Year average• • 94.3 92.l 64.9 
•Average oC 3 replications. 
HL.S.D. at 5% level for 8-year average = 14.3. 
TABLE 2.-Hay yield of oats grown on plots following corn which had been irrigated 
with paper mill waste water and fresh well water 
Well water Waste water Not irrigated 
Year Yield of air dry hay, pounds per acre• 
1957 
1958 
1959 
1960 
1961 
1962 
6-Year average•• 
9,920 
6,679 
6,643 
7,645 
5,735 
6,429 
7,175 
•Average of 3 replications. 
HL.S.D. at 53 level for 6-year averages N.S . 
11,180 10,019 
5,517 5,953 
7,499 7,333 
7,695 7,303 
6,098 6,098 
6,362 6,883 
7,392 7,265 
fits from the u e of waste water and the increase in yield from the use 
of fresh well water for irrigation . In all treatments the yield of corn 
wa very high. 
Oats followed corn in the rotation program but were not irrigated. 
Oats were seeded during the latter part of October at the rate of 3.5 
bushels per acre. Fertilizer application consisted of 300 pounds of 8-8-8 
per acre at planting time, plus 150 pounds of ammonium nitrate per 
acre as a top-dressing during the early part of March. The oats were 
cut for hay early in May. The data in Table 2 indicate there were no 
residual effects on the yield of oats from the application of waste 
water to corn ahead of oats. The plots which had been previously 
irrigated with waste water showed a small increase in yield above 
nonirrigated plots and also above the ones irrigated with fresh well 
water, but the differences were not significant. 
Whippoorwill cowpeas followed oats in the crop rotation and were 
planted in early June after the oat stubble had been plowed under. 
Data shown in Table 3 were obtained from 1956 through 1964. High 
yields of cowpeas were observed in all treatments. Analysis of the data 
showed there were no significant differences in the yield of cowpeas 
TABLE 3.-Yield of cowpeas grown on plots following com which had been irrigated 
wi~ paper mill waste water and fresh well water 
Well water Waste water Not irrigated 
Year - - Air dry weight of plant material, pounds per acre• 
1957 4,142 4,007 4,329 
1958 4,633 4,546 4,510 
1959 4,951 4,911 5.257 
1960 5,553 5,016 5,353 
1961 5,407 5,078 5,415 
1962 5,789 5,730 5,988 
1963 6,820 6,820 7,920 
1964 4,934 4,853 4,770 
8-Year average•• 5.279 5,120 5,442 
•Average of 3 replications . 
.. L.S.D. at 53 level for 8-year averages N .S. 
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from the previous application of paper mill waste water or from the 
appl ication of well water. 
Hairy vetch followed cowpeas in the rotation. Vetch was seeded 
at the rate of 40 pou nd per acre during the early part of October. 
The fertilizer added con i ted of 200 pou nds of 5-10-10 per acre applied 
each year at planting time. The vetch was not irrigated but was grown 
on plots which had been irrigated under corn cultivation. Samples for 
the estimation of yield were taken in early April, and the vetch was 
then plowed under. Data in Table 4 how the yield of vetch in pounds 
of air-dry plant material per acre. The vetch grown on plots which 
had been previou ly irrigated with waste water showed a slight in-
crease in yield, but the difference wa not significant. Very good yields 
of vetch were obtained from all treatments. 
TABLE 4.-Residual effects of paper mill wa te water and fresh well water on hairy 
vetch following cowpeas in a com, oats, cowpeas, and vetch rotation in which the 
corn was irrigated 
Well water Waste water ot irrigated 
Year - - - - Yield of air dry ve tch, pounds per acre• - - - -
1957 1,979 2,154 2,189 
1958 2,173 2.252 2,356 
1959 1,775 1,749 1,933 
1960 1,930 1,893 1,628 
1961 1,318 1,186 1,366 
1962 4,725 4,899 4,461 
1963 6,326 7,000 5,964 
7-Year average•• 2,889 3,019 2,842 
•Average of 3 replications. 
••L. .D. at 5% level for 7-year averages 
Use of Paper Mill Waste Water for the Irrigation of Rice 
n experiment wa begun in the pring of 1957 to determine the 
effect of waste water on rice ield . The experiment was set up on 
four subplot which had b en pre iou ly irrigated in the corn rotation 
program. Two of the e plots had re ei ed fre h well water and the 
other two had received paper mill wa te water. The source of water 
applied to each plot under rice culti ation was the ame as that ap-
plied in the pre iou rotation. Rice wa rotated with cowpeas, which 
allowed for the irriga tion of a gi en plot on alternate years. 
The rice wa eeded in 4 inche of water on plots which had pre-
viou ly been prepared and fertilized with 400 pounds of 12-12-12 per 
a re. eed ing date for ri e were in the earl part of April. Ammonium 
sulfate wa applied a a top-dre ing at the rate of JOO pounds per ~ 
a re approximately 8 ' eek after planting. The average amount of 
irrigation water applied per ear wa 3 .6 inches for fresh well water 
plots and 32.6 inche for the paper mill waste water plots. Data 
showing rice yield from 1957 through 1964 are shown in Table 5. The 
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TABLE 5.-Effects of irrigation with paper mill waste water and fresh well water on 
the yield of rice grown on Acadia very fine sandy loam, 1957-1964• 
Water Yield of rice in bushels per acre.. -
treatment 1957 1958 1960 1961 1962 1963 1964 
Well water 59.5 43.2 52.6 64.7 66.4 65 .9 80.3 
Waste water 59.0 44.9 54.4 66.6 72.0 74.2 71.8 
7-year average yield with well water 61.8•u 
7-year average yield with waste water 63.3H• 
•1959 plots were not harvested due to excessive yield damage by birds. 
HAverage of 3 replications. 
H•L.S .D. at 53 level for 7-year averages N.S. 
7-year average yield of rice irrigated with paper mill waste water was 
63.3 bushels per acre; the 7-year average yield of rice irrigated with 
fresh water was 61.8 bushels per acre. There was no statistically 
significant difference between the effects of the two different sources 
of water on the yield of rice; however, yields were high from both 
sources. This experiment indicates that paper mill waste water can 
be used for the irrigation of rice and that no deleterious accumulative 
effects would be expected where rice is grown in alternate years. 
Irrigation of Coastal Bermudagrass and a Mixed Meadow of Dallisgrass, 
Common Bermudagrass, and Kentucky 31 Fescue with Paper Mill Waste 
Water and Fresh Well Water 
In 1957 an experiment on the use of paper mill waste water for the 
irrigation of Coastal Bermudagrass was established. The area planted 
to Coastal Bermudagrass had been, from 1952 through 1956, in the 
corn, oats, cowpeas, and vetch rotation described previously. Coastal 
Bermudagrass was planted in three blocks. Each block was approxi-
mately 0.33 of an acre in size. Each block was divided into three plots 
or water treatments as follows: one plot received no supplemental 
water; one plot received fresh well water; the remaining plot received 
paper mill waste water. 
The Coastal Bermuda was fertilized with 1,000 pounds of 5-10-10 
per acre in early March of each year. It was also top-dressed with 64 
pound of nitrogen as ammonium nitrate after each cutting of hay, 
with the exception of the last cutting each year. Five cuttings were 
made each year. Irrigation of the Coastal Bermuda plots was accom-
plished by flooding the plots with approximately 2.5 inches per irriga-
tion, with an average of seven irrigations per year. 
Data on the yields for the Coastal Bermudagrass plots are pre-
sented in Table 6. The yields were high from all treatments. The 
Coastal Bermudagrass on the plots irrigated with the paper mill waste 
water gave the highest yield. The average annual yield for the 8-year 
period was 17,409 pounds of hay per acre on the paper mill waste water 
plots, 16,998 pounds on the fresh well water plots, and 15,738 pounds 
on the nonirrigated plots. The differences in yields as affected by 
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TABLE 6.-Effects of irrigation with paper mill waste water and fresh well water on 
the yield of Coastal Bermuda grown on Acadia very fine sandy loam 
Year 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
8-Year average•• 
Well water 
22.088 
12,612 
14,466 
19,457 
14,687 
17,263 
19,569 
15,841 
16,998 
•Average of 3 replications . 
Waste water Not irrigated 
Yield of air dry forage, pounds per acre• 
23,024 21,97 1 
12,172 13 ,016 
15,791 18,642 
20,520 12.008 
14,687 14,605 
17,739 13,631 
19,148 20,197 
16,190 11 ,833 
17,409 15,738 
.. L.S.D . at 5% level for 8-year averages .S. 
sources of water were non ignifi ant. It should be pointed out that 
gras yield from the nonirrigated plot varied considerably, depend-
ing upon the rainfall. nder low rainfall the yield was reduced below 
that of the irrigated plot for a given cutting. Following dry periods, 
the accumulation of fertil izer in the nonirrigated plots increa ed yields 
over the irrigated plot for the next ha cuttings after the dry periods. 
In 1957, ten acre of an experimental area whi h had been in an 
improved pa ture for 7 ear ' ere di ided into three blo ks and eeded 
with a mixture of Dallisgra , common Bermudagra s, and Kentucky 
31 fescue. Each block wa further divided into three plots. One plot 
received no irrigation water, one plot wa irrigated wi th fresh well 
water, and one plot wa irrigated ' ith wa te water. Fertilizer was ap-
plied annually at the rate of 600 pound of 5-10-10 per acre in early 
March, followed by 200 pound of ammonium nitrate after each cutting 
of hay with the exception of the last cutting each year. Irrigation 
water was applied by o erhead prinklers. Approximately 2.5 inches 
of water were applied per irrigation. Irrigation for the 7-year period 
averaged even per ear. 
The effect of different our e of water on yield of hay from the 
mixed meadow are hown in Table 7. The yields were high from all 
source of wa ter. There were no i ifi ant differences due to kinds 
of water, nor were there an ignificant benefits from irrigation. Con-
ver ely, there were no harmful effe ts from irrigation with paper mill 
wa te water. The - ear a erage annual ield on plot irrigated with 
paper mill wa te water ' 13,239 pound of hay per acre. The average 
annual yield f r the plots irrigated ' ith fre h well water wa 13,045 
pound per acre, and the a erage annual yield from the nonirrigated 
plot wa 12,700 pound per acre. Thee ield of hay were very high 
for the oil of the prin hill area. Data in Table 7 how that the 140 
inche of paper mill waste ' ater applied over the 8-year period did 
not redu e the yield of a mead°' of Dalli grass, Bermudagrass, and 
fe cue. 
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TABLE 7 .-Effects of irrigation with paper mill waste water and fresh well water on 
the yield of a mixture of Dallisgrass, common Bermuda, and fescue grown on Acadia 
very fine sandy loam 
Well water Waste water Not irrigated 
Year - - - - Yield of air dry forage, pounds per acre• - - - -
1957 16,248 15,899 15,553 
1958 11,412 10,658 11,848 
1959 13,337 13,417 12,937 
1960 12,741 13,649 8,131 
1961 12.782 12,446 16,722 
1962 13,183 13,809 12,051 
1963 13,156 14,405 13,316 
1964 11 ,500 11,630 11 ,039 
8-Year average.. 13,045 13,239 12,700 
•Average of 3 replications . 
.. L.S.D. at 53 level for 8-year averages N.S. 
Effects of Paper Mill Waste Water Irrigation and Varying Rates of Fertilizer 
on the Yield of Corn 
An experiment with corn was located l mile south of the Spring-
hill mill on Louisiana Highway 7 in 1956. The experimental area con-
sisted of three acres which were divided into two main plots. One 
was irrigated with paper mill waste water and the other received no 
irrigation. In each plot there were three replications of four fertilizer 
treatments or subplots. The ferti lizer treatments were: 0-0-0, 100-72-72, 
150-72-72, and 200-72-72 pounds of N - P20, - K20 per acre. 
Fertilizer applications for each year consisted of 600 pounds of 
12-12-12 per acre applied at planting time. The remaining nitrogen 
was applied in the form of ammonium nitrate when the corn was 
approximately 24 inches high. 
Corn was planted in the early part of April each year. Varieties 
used during this 9-year experimental period included Dixie l l, Dixie 
55, Funk's 779-W, Funk's 730, and Funk's 732. 
Irrigation water was applied by the use of overhead sprinklers. 
The corn was irrigated only when moisture was needed. An average of 
6.5 inches of water was applied annually. Data in Table 8 show the 
corn yields from l 956 through l 964. Analysis of this data showed a 
signi ficant increase in yield of corn due to irrigation. The data in Table 
8 also show that a significant increase in yield was obtained by the 
appl ication of 100 pounds of N , 72 pounds of P 205, and 72 pounds of K20 
per acre over the yield from nonfertilized plot . Higher applications 
of nitrogen fertilizer did not significantly increase yields. Data in Table 
8 show that the use of fertili zer without the application of paper mill 
waste water for irrigation increased the yield of corn from 27.5 to 
69.6 bushels per acre. The data also show that the use of fertilizer with 
paper mill waste water increased the yield of corn from 32.4 to 88-2 
bushels per acre. The increase due to the use of paper mill waste water 
was 18.6 bushels per acre. This increase is statistically significant. 
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TABLE 8.-Effects of irrigat ion with paper mill waste water and application of vary-
ing fertilizer rates on th e yield of corn on Acadia very fine sandy loam, 1956-1 964 
Fertilizer treatments, -P2 0 5-K20, pounds per acre, and irrigation treatments 
0-0-0 100-72-72 150-72-72 200-72-72 
Ot ot ot Not 
irrig. Irrig. irrig. Irrig. irrig. Irrig. irrig. Irrig. 
Year Yield of corn, bushels per acre• 
1956 33.l 52.0 34.0 98.2 32.3 95 .5 33.1 94.I 
1957 42.5 41.3 68.3 75.7 69.I 79.7 72.2 78.3 
1958 37.6 29.7 77 .6 77.7 80.5 77.5 75.8 72.8 
1959 28.8 28.7 86.9 89.5 89.9 96.9 88.6 98.3 
1960 20.4 31.l 5G.2 81.3 57.6 90.2 58.6 93 .2 
1961 32.5 35.9 115.9 110.0 113.1 111.6 i 14.I 112.4 
1962 13.3 19.4 74.7 90.4 74.0 91.3 71.0 92.0 
1963 22.1 26.4 0.2 92.7 82.7 82.7 75.8 87.7 
1964 17.1 27 .0 32.7 78.2 34.4 77 .8 36.0 82.4 
Mean 27.5 32.4 69.6 88.2 70.4 89.2 69.5 90.1 
•Average of 3 replications. 
Stati tical analysis of the mean yields for the 9 years of data shown in T able 8 
Fertilizer 
N-P20 6-K2 0 Not 
Lbs. / Acre irrigated Irrigated 
0-0-0 27.5 32.4 
100-72-72 69.6 88.2 
150-72-72 70.4 89.2 
200-72-72 69.5 90.1 
Mean•• 59.2 75.0 
•L.S.D. at 53 level for fertilizer treatment 6.89 . 
.. L.S .D. at 53 level for irrigation treatment = 14.34. 
29.9 
78.9 
79.8 
79.8 
Use of Paper Mill Waste Water for t he Irrigation of Limed and Unlimed 
Plots of Dall isgrass, Common Bermudagrass, and Coastal Bermudagrass 
The remaining fi e a re of the experimental area located south 
of the pringhill paper mill on Loui iana Highway 7 were used in a 
hay meadow experiment from 1956 through 1964. Three replications of 
Coastal Bermudagra , common Bermudagra s, and Dallisgrass were 
planted in the pring of 1956. reatment involving irrigation with 
paper mill wa te water with and ' ithout lime and no irrigation with 
and without lime were up rimpo ed on each replication of the three 
gra e . The lime application con i ted of I.25 tons of dolomitic lime-
stone p r acre applied in January 1956. The annual fertilizer applica-
tion on isted of 700 pound of 5-10-10 per acre in early March. The 
plot were top-dre ed with 2 0 pound of ammonium nitrate after each 
cutting of hay, with the exception of the last cutting each year. Three 
top-dres ing were applied each ear. Tho e plot which were irrigated 
received approximate! 2.5 inche of ' ater per irrigation, with an an-
nual average of e en irrigation for the experimental period. 
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TABLE 9.-Effects of irrigation with paper mill waste water and application of lime on the yield of Dallisgrass, common Bermudagrass, and 
Coastal Bermudagrass hay grown on Acadia very fine sandy loam 
Dallisgrass Common Bennudagrass Coastal Bermudagrass 
Ot irrig. 
Year No lime Lime 
1956 964 1.030 
1957 11,253 ll ,658 
1958 9,250 ll,515 
1959 11,964 13,373 
1960 4,632 6,204 
1961 10,193 9,637 
1962 9,782 10,381 
1963 9,017 10,803 
1964 5,692 6,504 
Mean 8,083 9,012 
•Average of 3 replications. 
Irrig. Not irrig. Irrig. ot irrig. 
No lime Lime No lime Lime No lime Lime No lime Lime 
- Yield of air dry hay, pounds per acre• 
5,344 6,259 1,077 1.037 7,246 7,287 449 503 
13,532 13,300 9,486 10,210 12,515 10,845 10,848 11 ,484 
8,972 9,613 8,493 9,308 10,207 10,121 9,467 ll ,993 
12,697 12,584 i4,055 14,157 13,88 1 12,653 16,132 18,077 
12.294 13,852 5,064 5,398 10,955 10,948 3,600 4,210 
10,171 10,426 11 ,800 10,861 9,699 ll ,500 ll ,644 ll,747 
14,384 15,373 10,359 10,068 12.136 12,662 ll,407 12,875 
ll ,020 10,062 9,496 ll,469 l l,251 ll,180 12,212 14,354 
ll ,529 11,454 6,505 7,682 11,383 10,485 8,189 10,164 
11,105 11,435 8,482 9,521 l l,o30 10,850 9,328 10,601 
Statistical analysis of the mean yields for the 9 years of data shown in Table 9 
Treatment 
Not irrig., no lime 
Not irrig., lime 
Irrig., no lime 
Irrig., lime 
Mean•• 
Dallisgrass 
8,083 
9,012 
11,105 
ll ,435 
9,909 
Common Bermuda Coastal Bermuda 
Yield of air dry hay, pounds per acre 
8,482 9,328 
9,521 10,601 
11,030 ll ,842 
10,850 12,013 
9,971 10,946 
•L.S.D. at 53 level for treatments = 766 . 
.. L.S.D. at 53 level for grasses 1,307. 
Mean• 
8,631 
9,711 
11,326 
11,433 
Irrig. 
No lime 
2.280 
13,197 
14,555 
14,368 
12,168 
ll ,307 
12,322 
12.749 
13,634 
11,842 
Lime 
3,310 
13,517 
13,213 
16,945 
10,654 
ll,572 
12,308 
12,806 
13,789 
12,013 
The effect of irriga tion with paper mill wa te water and the appli-
cation of lime on the yields of the different grasses are shown by data 
in Table 9. The yield of hay wa high in all treatments. The lowest 
average yield was 4 tons of hay per acre on Dallisgrass plots which 
were neither limed nor irrigated. The highest average yield obtained 
was 6 tons of hay per acre on the Coa tal Bermudagrass plots which 
received lime and were irrigated ' ith paper mill waste water. In all 
cases the plots irriga ted and limed gave higher yields. Irrigation with-
out lime gave yields that were ignificantl higher than yields from 
nonirriga ted plot . Liming without irrigation increased the yield of the 
grasse significantl y over those plots which received no irrigation and 
no lime. No harmful effect from the u e of paper mill waste water 
for irrigation were observed. 
Laboratory Studies 
The fir t seri es of soil amples were taken immediately after crops 
were harvested in 1957, and thi practice wa followed in 1960, 1963, 
and 1964. Four randomized samples were taken at depths of 0 to 6 
inches and 6 to 12 inche in each plot. The four samples for each depth 
were compo ited to make a repre entati e sam ple for each depth in 
each plot. The repre entati e sample from each plot were passed 
through a sieve with -mm. opening prior to drying. The samples 
were then divided into two part . One port ion of the 8-mm. soil was 
retained for water- table aggregation analysi and the other portion 
was air-dried and grou nd to pa s through a 35-mesh screen for chem-
ical analyses. The chemical pr pertie determined included pH, cation 
exchange capacity, exchangeable ba e , exchangeable h ydrogen, soluble 
salts, conductivity, and total ni trogen. 
Soil pH was determined in a I : 1 su pen ion of soil to distilled water 
with a Beckman Zeromatic pH meter. 
Cation exchange capacit and exchangeable bases were made accord-
ing to the ammonium ace tate method a rep rted by Driskell (13). The 
extraction con i ted of 50 gram of oil being haken with 100 ml. of 
1 N ammonium acetate wi th a pH of 7.0. The ample were filtered and 
lea hed with an additional 300 ml. of ammonium acetate. After evapo-
rating the extract to dr ne on a hot plate, the residue was treated 
with 3: I nitric: per hloric acid and e aporated to dryness again to re-
move the organic matter pre ent. The re id ue were then treated with 
5 N HCI and filtered, after which the were made up to volume and 
retained for determination of e changeable calcium, odium, potassium, 
and magne ium with a Beckman Model D pectrophotometer equipped 
with an oxygen-ace tylene flame attachment. 
Exchangeable hydrogen wa determined according to the barium ace-
tate pro edure as de cribed b Dri kell (13) . Samples were leached 
with 300 ml. of 0.5 barium acetate with a pH of 7.5 and the filtrate 
was titrated with 0.1 N aOH. 
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For the determination of soluble salts the soil samples were shaken 
with distilled water at the ratio of I :2.5 and allowed to stand for 12 
hours. The samples were agitated and the electrical conductivity of the 
unfiltered solution was determined with a Conductivity Bridge. After 
the conductivity measurement, the samples were filtered by using fine 
grade Pasture Chamberlain filter. A portion of this filtrate was evapo-
rated to dryness and the residue reported as per cent water soluble 
salts. The remaining filtrate was used to determine the sodium, cal-
cium, chloride, and sulfate present. Sodium and calcium were deter• 
mined with the Beckman Model DU spectrophotometer. The chlorides 
were titrated with standard silver nitrate in the presence of potassium 
chromate. Sulfates were determined by a modification of the tur-
bidity method proposed by Chesin and Yien (J J) . 
Total nitrogen was determined by the standard Kjeldahl method 
described by Driskell (13) . 
The physical properties studied included water-stable aggregates and 
infiltration rate. Water-stable aggregates greater than 0.21 mm. were 
determined on a portion of the field sample which had been passed 
through an 8-mm. sieve and air-dried by using the procedure outlined 
by van Bavel (54). The sample was placed upon a nest of sieves which 
had the following order of openings: 4.75 mm., 2.00 mm., 1.00 mm., 
and 0.21 mm. The ieves were moved up and down in a column of water 
with a stroke of 1.5 inches at the rate of 30 cycles per minute for 10 
minutes. The sieves with the remaining soil on each were placed in an 
oven and dried at 110° C. for 8 hours. The total soil remaining on the 
sieves was reported as per cent aggregates greater than 0.21 mm. 
Infiltration rate was estimated by the method described by Richards 
(42). Two cylinders, each 12 inches in length, one 20 inches in diameter 
and the other 14 inches in diameter, with the smaller placed inside 
the larger, were driven 6 inches into the soil. A 6-inch head of water 
was placed in both cylinders and the infiltration rate recorded after 
l, 2, 4, 6, and 9 hours. The measurements were made from the center 
cylinder, and the results were reported as the average infiltration rate 
in inches per hour. 
The changes in the chemical and physical properties of the surface 
and subsurface layers of the soil as affected by irrigation with paper 
mill waste water and fresh well water applied to corn in a rotation, 
rice in a rotation, Coastal Bermudagrass, and a mixed meadow of 
Dallisgrass, common Bermudagrass, and fescue are shown in Tables 
10 through 17 and in Figures I, 2, and 3. 
The effects on the soil properties of Jrngating corn in a rotation 
with oats, cowpea , and vetch from 1957 to l 964 with paper mill waste 
water and with fresh well water are shown in Tables 10 and 11. As 
shown by McCormick's work on these same plots (35) from 1953-1955, 
the pH increased from 6.6 to 7.7 in the surface soil of the plots irrigated 
with paper mill waste water. The soluble . salts increased from 220 to 
580 ppm. McCormick added 58 inches of paper mill waste water over 
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TABLE 10.-Effects of paper mill waste water and fresh well water on certain chemical properties of Acadia very Cine sandy loam in a corn, 
oats, cowpeas, and vetch rotation, 1957, 1961, 1963, and 1964 
Exchangeable calions Total Base 
Deplh oil a K Mg Ca H C.E.C. saturation 
Treatmenl in . pH m. e./ 100 grams soil % 
Averages for 3 replicates, 1957 
Ot irrig. 0-6 6.6 0.35 0.18 0. 3 6.42 0.77 8.55 91.0 
Not irrig. 6-12 5.5 0.18 0.16 l.05 3.91 l.71 7.01 75 .6 
Well water 0-6 6.5 0.25 0.21 0.79 3.83 1.20 6.28 80.9 
Well water 6-12 6.5 0.28 0.13 l.l l 4.99 LOO 7.51 86.7 
Wa te water 0-6 6.8 0.33 0.17 0. 8 4.93 0.86 7.17 88.0 
Wale water 6-12 6. 0.57 0.15 0.96 4.65 0.90 7.23 87.6 
Averages for 3 replicale , 1961 
ol irrig. 0-6 5.2 0.19 0.20 0.50 3.40 2.13 6.42 66.8 
ol. irrig. 6-12 5.5 0.21 0.14 o. 6 4.36 1.79 7.36 75 .7 
Well water 5.6 0.14 0.23 0.65 3. 8 2.02 6.92 70.8 
"° Well water 6-12 6.0 0.14 0.17 1.00 4.47 1.61 7.39 78.2 00 
Wa te wa ter 0-6 5.8 0.14 0.27 0.61 4.19 1.71 6.92 75.3 
Wal water 6-12 6.2 0.25 0.19 0.99 4. 2 1.37 7.62 82.0 
Averages for 3 replicates, J 963 
2.90 ot irrig. 0-6 5.4 0.07 0.24 0.41 2.53 6.15 52.8 
Ot irrig. 6-12 5.2 0.11 0.15 1.09 4.05 2.50 7.90 68.4 
Well water 0-6 5.4 O.o? 0.20 0.48 2.93 2.76 6.44 57.l 
Well waler 6-12 5.6 0.12 0.16 1.27 4.19 l.85 7.59 75.6 
Wa te water 0-6 5.4 0.14 0.21 0.48 3.04 2.66 6.53 59.3 
Waste water 6-12 5. 0.30 0.13 l.02 4.34 1.56 7.35 78.7 
Averages for 3 replicates, 1964 
Ot irrig. 0-6 5.5 0.13 0.25 0.36 2.65 2.62 6.01 56.4 
ol irrig. 6-12 5.3 0.15 0.17 0.79 4.72 2.63 8.46 68.9 
Well water 0-6 5.4 0.08 0.28 0.48 3.38 2.88 7.10 59.4 
Well waler 6-12 5.5 0.17 0.17 l.15 4.75 2.10 8.30 74.7 
Waste water 0-6 5.5 0.12 0.27 0.47 3.76 2.78 7.40 62.4 
Waste water 6-12 6.1 0.32 0.30 1.01 5.30 1.45 8.40 82.7 
TABLE 11.-Effects of paper mill waste water and fresh well water on certain chemical properties of Acadia very fine sandy loam in a com, 
oats, cowpeas and vetch rotation, 1957, 1961, 1963, and 1964 
Aggregates Total Soluble Sol. Sol. Sol. Sol. 
Depth > 0.21 mm. N salts EC25° C. a Ca Cl s 
Treatment in . 3 3 ppm Mmhos/ cm. ppm ppm ppm ppm 
Averages for 3 replicates, 1957 
ot irrig. 0-6 0.060 291 0.250 34 43 22 32 
ot irrig. 6-12 0.039 306 0.238 31 47 26 18 
Well water 0-6 0.055 247 0.204 13 50 37 20 
Well water 6-12 0.042 258 0.211 31 33 33 21 
Waste water 0-6 0.053 300 0.259 51 42 112 34 
Waste water 6-12 0.039 288 0.249 57 29 112 32 
ot irrig. 0-6 12.l 0.061 
Averages for 3 replicates, 1961 
159 0.171 20 18 17 13 
ot irrig. 6-12 9.9 0.038 186 0.175 11 21 25 16 
Well water 0-6 12.6 0.063 160 0.156 13 25 39 14 
~ Well water 6-12 8.5 0.040 215 0.202 16 32 57 21 \0 
Waste water 0-6 12.3 0.062 174 0.159 18 18 49 26 
Waste water 6-12 11.3 0.036 190 0.183 19 26 59 24 
Averages for 3 replicates, 1963 
Not irrig. 0-6 13.7 0.057 145 0.093 12 20 16 16 
Not irrig. 6-12 11.7 0.040 191 0.135 13 27 31 18 
Well water 0-6 12.6 0.056 128 0.091 IO 14 23 13 
Well water 6-12 10.0 0.033 135 0.095 15 23 25 12 
Waste water 0-6 12.5 0.055 165 0.092 22 14 60 20 
Waste water 6-12 10.3 0.032 197 0.123 34 16 71 22 
Averages for 3 replicates, 1964 
24 12 Not irrig. 0-6 15.3 0.061 186 0.148 20 20 
Not irrig. 6-12 13.6 0.036 248 0.165 12 29 20 17 
Well water 0-6 14.2 0.059 146 0.144 15 17 18 9 
Well water 6-12 12.5 0.033 201 0.180 18 43 39 15 
\.\1aste water 0-6 11.9 0.061 156 0.116 19 18 66 16 
Waste water 6·12 10.9 0.033 232 0.207 37 39 81 23 
the earlier 3-year period ; during the later 8-year period 60 inches of 
irr igation water were applied. 
The data in Table 10 and 11 how that there were no increases in 
pH and no in crea e in oluble alt during the 1957-1964 period. Of 
cour e, during the later period the purpo e of the experiment was to 
test the benefi ial effect of wa te water used onl y when the corn 
needed water. In the earlier period the purpose was to test the 
possibility of harmful effect from excessive irrigations or flooding 
with waste wa ter. The fact that no increase in pH and no increase 
in the olu ble sa lt content occurred in the urface or subsurface soil 
during the later period ma , ha e been due to (1) the applica tion of 
!es water, (2) the u e of ' aste water containing much les soluble and 
suspended materials, a hown in Table 20, and (3) the removal of 
more salts by the natural rainfall a ociated with irriga tion only in 
alternate years. 
Data in Table I 0 and 11 how that little or no changes in exchange-
able cations, cation exchang capacity, ba e aturation, total nitrogen, 
and aggregation were cau ed by the irrigation, with paper mill waste 
water, of corn in rotation with oats, cowpeas, and ve tch . There were 
small increa es in exchangeable calcium and cation exchange capacity 
from the u e of paper mill ' a te water, particularl y in the subsurface 
soil ; however, the e effect are not harmful. 
T he effect on soil propertie from irrigations of rice with paper 
mill wa te water are hown b data in Table 12 and 13. Rice and cow-
peas were grown in ahernate year and only the rice was irrigated. 
In addition to the natural rainfall , 39 inches of paper mill waste water 
were applied by irrigation . ample were collected just after the rice 
had b en harvested and again after the cowpeas were harvested. Varia-
tion in results ma be observed depending upon the crop grown· prior to 
sample collection . 
By examination of the data obtained on samples taken after rice 
irrigat ion it may be een that the u e of the waste water increased the 
oi l pH from 5. to 6.1 in the urfa e la 1er, but there wa no general 
increase in the ub urface oil pH. There was al o an increa e in ex-
hangeable odium of approximate! I m.e. from the u e of waste water. 
Th re was a mall in rea e in e changeable calcium, particularly in 
the ub urfa e layer, from both ource of water. n increase of over 
1.4 m.e. in at i n exchange capa it from the use of both sources of 
wat r wa ob er ed. The in rea e in cation exchange capacity from the 
use of the fre h well water wa greater than the increa e from the use 
of paper mill wa te water. Jncrea e in per cen t ba e saturation gen-
erall y followed the in rea e in cation e change capacity. The per cent 
ba e aturation increa ed in the urface la er from 62 to 78 and from 
80 to 87 per cent in the ub urfa e la 1er under the use of fresh well 
water for irrigat ion. he increa e in per cent ba e saturation from 
the paper mill wa te water ' ere from 74 to 77 in the urface layer and 
from 82 to 85 in the ub urface la er. The accumulation of soluble 
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TABLE 12.-Effects of paper mill waste wate.r and fresh well water on certain chemical properties of Acadia very fine sandy loam in a rice-
cowpeas rotation 
Exchangeable cations Total Base 
Depth Soil Na K Mg Ca H C.E.C. saturation 
Year Treatment in . pH m.e. / I 00 grams soil 3 
1959 Well water• 0-6 5.9 0.17 0.18 0.52 2.54 2.12 5.53 61.7 
Well water• 6-12 6.4 0.29 0.09 0.85 3.76 1.23 6.22 80.2 
Waste water• 0-6 6.2 0.98 0.24 0.42 3.72 1.86 7.22 74.2 
Waste water• 6-12 6.5 0.87 0.25 0.49 4.39 1.33 7.33 81.9 
1961 Well water• 0-6 5.8 0.15 0.15 0.60 2.94 2.24 6.08 63.2 
v\Tell water• 6-12 5.9 0.13 0.10 1.14 4.79 1.75 7.91 77.9 
Waste water• 0-6 5.9 0.87 0.18 0.71 3.91 2.15 7.82 72.6 
Waste waler• 6-12 5.9 0.87 0.13 0.91 4.59 l.90 8.40 77.4 
t>O 1962 Well water• 0-6 5.6 0.14 0.28 0.90 4.35 2.40 8.07 70.3 
Well water• 6-12 6.7 0.18 0.13 0.80 4.79 1.44 7.34 80.4 
Well water .. 0-6 5.5 0.22 0.16 0.43 3.97 2.50 7.28 65.7 
Well water .. 6-12 6.5 0.56 0.12 0.98 4.99 1.63 8.28 80.3 
Waste water• 0-6 5.9 1.18 0.20 0.83 4.24 2.10 8.55 75.4 
Waste water• 6-12 6.3 0.86 0.16 0.59 6.06 2.17 9.84 77.9 
Waste water•• 0-6 5.5 0.41 0.14 0.71 3.88 2.45 7.59 67.7 
Waste water•• 6-12 6.5 0.41 0.09 0.91 4.77 1.50 7.68 80.5 
1964 Well water• 0-6 5.7 0.37 0.18 0.68 6.25 2.16 9.64 77.6 
Well water• 6- 12 6.3 0.42 0.18 l.27 5.86 1.12 8.85 87 .3 
Well water•• 0-6 4.7 0.13 0.26 0.39 2.62 3.08 6.48 52.5 
Well water•• 6-12 4.8 0.30 0.16 0.62 4.20 l.81 7.09 74.5 
Waste water• 0-6 6.3 1.68 0.27 0.46 4.50 2.03 8.94 77.3 
Waste water• 6-12 6.4 1.48 0.21 0.74 4.86 l.31 8.60 84.8 
Waste water•• 0-6 5.1 0.18 0.25 0.31 3.08 2.89 6.71 56.9 
Waste water•• 6-12 5.1 0.58 0.21 0.38 3.58 2.30 7.05 67.4 
•sampled after rice. ••sampled after cowpeas. 
TABLE 13.-Effect.s of paper mill waste water and fresh well water on certain chemical and physical properties of Acadia very fine sandy 
loam in a rice-cowpeas rotation 
Aggregates Total Soluble Sol. Sol. Sol. Sol. 
Depth > 0.21 mm. N salts EC25° C. a Ca Cl s 
Year Treatment in . 3 3 ppm Mmbo / cm. ppm ppm ppm ppm 
1959 Well water• 0-6 0.064 267 0.309 62 49 31 26 
Well water• 6-12 0.047 409 0.388 60 108 41 19 
Wa te water• 0-6 0.065 204 0.282 92 82 54 39 
Wa te water• 6-12 0.050 381 0.353 166 140 108 42 
1961 W ll water• 0-6 11.6 0.048 207 0.290 52 64 37 22 
W ll water• 6-12 9.8 0.025 248 0.272 78 71 42 14 
Wa te water• 0-6 10.4 0.046 235 0.2 7 106 82 76 37 
w te water• 6-12 7.6 0.025 153 0.207 68 61 64 51 
(.JO 1962 Well wat r• ().6 10.7 0.058 270 0.216 64 76 47 19 
~ Well wat r• 6-12 12.9 0.032 256 0.163 52 58 61 24 
W LI water•• 0-6 12.6 0.053 248 0.294 32 61 54 17 
W ll water .. 6-12 16.8 0.033 314 0.176 42 109 41 14 
\.Va te water• 0-6 8.8 0.051 232 0.20 1 168 60 108 37 
Wa te water• 6·12 10.9 0.033 267 0.296 172 49 72 42 
Waste water•• ().6 9.4 0.054 251 0.220 59 60 37 19 
Waste water•• 6-12 9.8 0.029 416 0.450 190 72 88 16 
1964 Well water• 0-6 12.4 0.059 272 0.244 58 36 52 26 
Well water• 6-12 11.8 0.039 291 0.228 85 39 52 26 
Well water•• 0-6 5.5 0.055 327 0.124 20 42 36 18 
Well water•• 6-12 6.4 0.029 234 0.171 43 31 29 23 
Waste water• 0-6 13.1 0.058 351 0.516 195 60 239 44 
Wa Le water• 6-12 13.3 0.037 316 0.397 180 48 180 50 
Wa te water .. 0-6 5.7 0.059 283 0.124 25 50 29 20 
Waste water .. 6-12 6.3 0.032 322 0.220 83 62 32 29 
•Sampled after rice. ..Sampled after cowpeas. 
salts was low from both sources of water. After the rice was har-
vested, the soluble salt content of the surface layer in plots that had 
been irrigated with fresh well water varied from 267 to 272 ppm. In 
plots that were irrigated with paper mill waste water, the soluble salt 
content varied from 204 to 35 l ppm in the surface layer. The soluble 
salt content of the subsurface layer in plots that received fresh well 
water varied from 291 to 409 ppm. The subsurface layer of the plots 
irrigated with waste water contained 316 to 38 l ppm of soluble salts. 
Although the soluble sodium content was higher in the plots irrigated 
with waste water than in plots irrigated with fresh well water, it was 
low in all cases. The source of water had little influence on the total 
soil nitrogen content and no appreciable influence on per cent of aggre-
gation. Aggregation in both soil layers was low in all plots. 
It can be seen from data in Tables 12 and 13 that when plots were 
sampled after cowpeas had been harvested, changes in soil properties 
previously caused by irrigating the plots under rice cultivation tended 
to disappear. It can be observed that a further decrease in pH occurred, 
along with a considerable decrease in soluble and exchangeable sodium. 
Apparently, the 50-inch rainfall had a marked effect in removing the 
soluble bases and salts when the soil was not irrigated and the solutes 
were free to be removed by drainage. This same observation can be 
made from data in Tables 10 and 11 collected in the experiment in-
volving irrigated corn in rotation with nonirrigated oats, cowpeas, and 
vetch. 
Data on the effects of paper mill was te water and fresh well water 
on soil properties under a Coastal Bermudagrass meadow are shown 
in Tables 14 and 15. The experiment on the effects of irrigation of 
Coastal Bermudagrass with the different sources of water was establish-
ed in 1956. Data on changes in the soil properties were collected for 
196 l and 1964 only. In 1964 the soil pH was 4.6 in the nonirrigated 
plots, 5.6 in plots irrigated with well water, and 6.2 in plots irrigated 
with waste water. 
The per cent of base saturation in the surface layer in 1964 was 28 
in the nonirrigated plots, 66 in plots irrigated with well water, and 75 
in plots irrigated with waste water. The base saturation was higher 
in the subsurface layer in all ca es, particularly in plots irrigated with 
waste water. Both sources of irrigation water increased the soluble 
and exchangeable sodium in the surface and subsurface layers. The 
effects on soluble and exchangeable sodium were greater from the use 
of paper mill waste water, but in no case were the increases in soluble 
and exchangeable sodium inordinately high. Soluble salts were also in-
creased from the use of both sources of water. The soluble salt con-
tent of the nonirrigated plots was 165 ppm in the surface layer and 
193 ppm in the subsurface layer. The soluble salt content in plots 
irrigated with well water was 242 ppm in the surface layer and 211 
ppm in the subsurface layer. In plots irrigated with waste water the 
surface layer contained 413 ppm of soluble salts and the subsurface 
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TABLE 14.--Effects o( paper mill waste water and fresh well water on certain chemical properties o( Acadia very Cine sandy loam, Coastal 
Bennudagrass meadow, 1961 and 1964 
Exchangeable cations Total Base 
Depth oil a K Mg Ca H C.E.C. saturation 
reaLment in . pH m.e. / 100 gram oil % 
verag for 3 replicate , 1961 
Ot irrig. ()..6 5.2 0.09 0.10 0.13 I .4 3.00 4.80 37.5 
Ot irrig. 6-12 5.8 0.12 0.11 0.45 4.90 1.58 7.16 77.9 
Well waler ()..6 6.l 0.22 0.08 0.34 3.72 1.93 6.32 69.5 
(JO Well water 6·12 6.1 0.24 0.09 0.71 4.54 l.41 6.99 79.8 ~ 
Waste water ()..6 6.4 0.50 0.08 0.2 4.33 1.76 6.95 74.7 
Wa te water 6-12 6.4 0.54 0.10 0.51 4.56 1.14 6.85 83.4 
verages for 3 replicates, I 964 
Ot irrig. 0-6 4.6 O. ll 0.13 0. 13 1.25 4.08 5.70 28.4 
Ot irrig. 6-12 5.4 0.15. 0.08 0.57 4.28 2.03 7.11 71.4 
Well water ()..6 5.6 0.27 0.06 0.38 4.20 2.53 7.44 66.0 
Well water 6-12 5.7 0.35 0.06 0.59 4.61 l.88 7.49 74.9 
Waste water ()..6 6.2 0.63 0.08 0.28 4.92 l.99 7.90 74.8 
Waste water 6-12 6.3 0.95 O.o? 0.45 5.59 l.44 8.50 83.l 
TABLE 15.-ECfects of paper mill waste water and fresh well water on certain chemical and physical properties of Acadia very fine sandy 
loam, Coastal Bermudagrass meadow, 1961 and 1964 
Aggregates Total Soluble Sol. Sol. Sol. Sol. 
Depth > 0.21 mm . N salts EC 25° C. Na Ca Cl s 
Treatment in . 3 3 ppm Mmhos/ cm. ppm ppm ppm ppm 
Averages for 3 replicates, 1961 
ot irrig. 0-6 27.7 0.053 183 0.118 17 21 23 13 
ot irrig. 6-12 22.9 0.033 199 O.ll8 18 25 27 18 
Well water 0-6 57 .8 0.054 215 0.141 44 16 35 17 
Well water 6-12 34.8 0.032 190 0.134 45 19 35 15 
(.)0 
(Jl Waste water 0-6 57.7 0.058 263 0.184 57 25 52 22 
Waste water 6-12 38.8 0.035 237 0.224 60 27 71 26 
Averages for 3 replicates, 1964 
ot irrig. 0-6 31.l 0.058 165 0.132 18 21 27 12 
Not irrig. 6-12 25 .0 0.035 193 0.123 20 22 33 16 
Well water 0-6 60.5 0.062 242 0.114 32 7 56 10 
Well water 6-12 36.5 0.036 2II 0.136 38 II 57 15 
Waste water 0-6 60.2 0.068 413 0.159 73 14 150 16 
Waste water 6-12 38.9 0.037 321 0.205 107 15 200 31 
layer contained 321 ppm. One of the most obvious features of this 
experiment was the relatively high total nitrogen content of the surface 
soil in all plots of the Coastal Bermudagrass meadow. The nitrogen 
content was higher in the irrigated plots than in the nonirrigated plots. 
Soil aggrega tion was h igh in all irrigated plots, particularly in the 
surface layer. A 60 per cent aggregation was observed in plots irri-
gated wi th paper mill waste water; plots irrigated with fresh well water 
showed a 61 per cent aggregation. The aggregation in nonirrigated 
plots (31 per cent) was considerably less than in irrigated plots. 
Data in Tables 16 and 17 show the chemical and physical properties 
of the soil in plots planted to a mixed grass meadow of common Ber-
mudagrass, Dalli gra , and fescue. The plots had been in this meadow 
experiment since 1957, but soil samples were taken only at the end of 
the experiment in 1964. The soil pH on the nonirrigated plots was 5.3 
in the surface layer as compared to 6.1 in plots irrigated with well 
water and 6.2 in plots irrigated with wa te water. By comparing the 
data from noni rrigated plots with the data from irrigated plots, it may 
be observed that exchangeable sodium showed an increase from each 
source of water and in both oil layer . Plots irrigated with well water 
contained 0.33 and 0.55 m.e. of sodium in the surface and subsurface 
layers, respectively. Those plots receiving paper mill waste water con-
tained I .47 and 1 .45 m.e. of exchangeable sodium in the surface and 
subsurface layers. The accumulation of oluble salts and soluble sodium 
was relatively higher in the plots of the mixed grass meadow that 
were irrigated with paper mill waste wa ter. The soluble salt content 
in both the surface and ubsurface layers of plots irrigated with paper 
mill waste water was 411 ppm. The increase in soluble salts was 
followed by an increa e in soluble odium. The soluble sodium in the 
surface layer was 24 ppm in the nonirrigated plots, 52 ppm in plots 
irriga ted with fresh well wa ter, and 161 ppm in plots receiving paper 
mill was te water. There was l ittle difference between the soluble so-
dium contents of the t' o layer . The e alues for soluble salts and 
soluble sodium are low in compari on to the tolerable limits given in 
the review of literature. There wa an increase in base saturation in 
the surface layer of irrigated plots a compared to nonirrigated plots. 
The base sa turation in the urface la er wa 59 per cent in nonirri-
gated plot . It wa 75 per cent in plots irrigated with well water and 
82 per cent in plot irrigated with wa te water. 
Data in Table 17 how that oi l aggrega tion was high under all water 
trea tments for the mixed meadow of Dallisgrass, common Bermuda-
gra s, and fe cue. ggregation in the urface layer of nonirrigated 
plot was 61 per cent. 65 per ent aggregation was observed in the 
surface layer of plot recei ing well ' ater, and in the plots irrigated 
with wa te water. Thi wa the highe t percentage of aggregation ob-
served in the four exp r iments with d ifferent crops. 
Data in T able 17 al o how tha t a relatively high amount of total 
nitrogen had a cumulated in the urfa e layer of all plots. The nitrogen 
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TABLE 16.-EHects of paper mill waste water and fresh well water on certain chemical properties of Acadia very fine sandy loam in Dallis-
grass, common Bermuda and fescue meadow, 1964 
Exchangeable cations Total Base 
Depth Soil Na K Mg Ca H C.E.C. sa turation 
Treatment in. pH m .e./100 grams soil 3 
Averages for 3 replicates, 1964 
Not irrig. ().6 5.3 0.21 0.20 0.52 3.93 3.45 8.31 58.5 
Not irrig. 6-12 5.5 0.38 0.26 1.23 4.67 2.78 9.32 70.2 
Well water ().6 6.1 0.33 O.o7 0.45 4.45 I.79 7.09 74.8 
Well water 6-12 5.7 0.55 0.09 0.88 4.44 1.97 7.93 75.2 
Waste water ().6 6.2 1.47 0.11 0.73 6.15 1.92 10.38 81.5 
Waste water 6-12 5.3 1.45 0.08 0.81 4.22 2.78 9.34 70.2 
TABLE 17.-Effects of paper mill waste water and fresh well water on certain chemical and physical properties of Acadia very fine sandy loam 
in Dallisgrass, common Bermuda and fescue meadow, 1964 
Aggregates Total Soluble Sol. Sol. Sol. Sol. 
Depth > 0.2 1 mm. N salts EC25° C. Na Ca Cl s 
Treatment in. 3 3 ppm Mmhos/ cm. ppm ppm ppm ppm 
Averages for 3 replicates, 1964 
Not irrig. ().6 60.6 0.077 161 0.104 24 15 24 17 
Not irrig. 6-12 31.8 0.042 247 0.112 29 18 25 19 
Well water ().6 64.7 0.070 191 0.109 52 11 37 14 
Well water 6-12 36.3 0.036 322 0.135 57 15 53 22 
Waste water ().6 65.3 0.085 4II 0.404 161 22 194 38 
Waste water 6-1 2 34.3 0.037 4ll 0.434 158 24 201 40 
uo 
OCl 
TABLE 18.-Efiect of irrigation with paper mill waste water and fresh well water on the infiltration rate of Acadia very fine sandy loam after 
eight years of irrigation and cropping practices 
OL irrigaLed Well waler Was Le waler 
InfilLraLion lnfilLraLion InfiltraLion 
raLe Moi ture rate Moi wre rate Moiswre 
rop in ./hr.• %"" in ./hr. 3 in ./ hr. 3 
Co Lal B rmuda 0.91 - 0.65 10.01 0.2 - 0.21 16.05 0.36 - 0.23 17.34 
Dalli gra , common 
Bermuda, and fe cue 0.66 - 0.50 11.04 0.45 - 0.32 13.24 0.15 - 0.12 14.5 1 
Corn, oaL , cowpea , and 
vetd1 rOLaLion 0.90 - 0.92 8.44 0.61 - 0.66 9.84 0.57 - 0.47 10.46 
Rice 0.30 - 0.22 11.84 0.24 - 0.15 12.72 
• fLer 1- and 4-hour periods. 
•• oil moi Lure contem when infilLraLion measurement was staned. 
content in the plots irrigated with paper mill waste water was 0.085 
per cent. There was 0.070 per cent in the plots irrigated with fresh well 
water and 0.077 per cent in nonirrigated plots. These values for total 
nitrogen are higher than those observed under any other crop or rotation 
used in the four experiments. 
The data on rate of infiltration in Table 18 show that infiltration 
varied from moderate to slow. Infiltration varied from 0.92 inch per 
hour for a 4-hour period in plots not irrigated in the corn, oats, cow· 
peas, and vetch rotation to 0.15 inch per hour for a 4-hour period 
in harvested rice that had been irrigated with paper mill waste water. 
The nonirrigated plots had the highest infiltration rate; however, it 
was observed that the nonirrigated plots had lower moisture contents 
when the infiltration measurements were started. Under similar mois-
ture conditions, little difference was observed in the infiltration rate 
between plots receiving well water and those receiving waste water. 
Figures 1, 2, and 3 show by comparison the effects of irrigation 
with paper mill waste water, and with fresh well water on exchangeable 
cations, soluble salts, and per cent of aggregation in the soil under 
different crop rotations and crops. 
Data presented in Table 19 show the quantities of various soluble 
and suspended materials which were applied to the experimental plots 
from 1957 through 1964. The plots in the corn, oats, cowpeas, and 
vetch rotation were established in 1952 and had received varied appli-
cations of waste water which would increase the total quantity of soluble 
and suspended materials added to these experimental plots. Sodium 
and chloride were the ions added to the plots in the greatest quantities. 
The largest applications of these ions occurred on plots utilized in the 
rice experiment, where 6,510 pounds of sodium and 9,772 pounds of 
TABLE 19.-Quantities of soluble and suspended materials which were added to the 
experimental plots irrigated with paper mill waste water, 1957-1964 
Dallisgrass, fescue 
Coastal and common 
Com• Rice• Bermudagrass .. Bermudagrass .. 
Pounds per acre 
Soluble solids 5,984 27,980 23,892 22.620 
Fe20 1 and Al,O, 79 336 255 240 
Ca 562 2,!145 2.121 1,918 
Mg 68 302 259 238 
Na l ,366 6,510 5,624 4,915 
Cl 2,036 9,772 8.294 7,832 
so, 629 2,956 2.429 2,166 
Suspended solids 285 1,582 1,231 1,161 
Insoluble in HCI 44 234 221 201 
•Corn and rice were in rotations which allowed for irrigation of a given plot every 
other year. 
••coastal Bermu<lagrass plots, and the Dallisgrass, fescue, and common Bermudagrass 
p lots were irrigated each year. 
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FIGURE 2.- lnfluence of irrigation and various crops and rotations on the water soluble salts in Acadia very fine sandy loam . 
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FIG RE 3.-Influence of irrigation and various crops and rotations on the per cent aggregation in ~cadia very fine sandy loam. 
chloride per acre were added during the 8 years of experimental work. 
The sodium and chloride ions made up the largest part of the increase 
in water soluble salts found in plots irrigated with waste water. 
Table 20 presents the average composition of the paper mill waste 
water used in the irrigation experiments from 1957 through 1964. 
TABLE 20.-Composition of paper mill waste water used for irrigation, 1957-1964* 
Year 1957 1958 1960 1961 1962 1963 1964 
ppm .. 
Dissolved solids 1,104 1,030 1,072 1,108 1,126 1,099 1,434 
Suspended solids 50 39 78 45 18 76 67 
Insoluble in HCl 36 10 5 17 6 4 13 
Oxides of Fe and Al 10 13 15 20 8 6 17 
Ca 132 168 90 66 75 67 94 
Mg 14 15 14 11 7 8 14 
Na 310 218 232 252 280 271 347 
Cl 342 362 360 314 400 437 473 
so. 128 139 204 80 70 87 46 
pH 7.6 7.0 6.4 7.3 7.4 7.3 7.4 
•chemical data for 1959 were unavailable. Chemical analyses were conducted by 
Howard Zimmerman, Internationa l Paper Company, Springhill, Louisiana. 
HThe results reported for each year are the average of four seasonal determinations. 
SUMMARY AND CONCLUSIONS 
Farmers with fields and pastures adjacent to and along Bodcau Bayou 
in Bossier Parish, Louisiana, were making claims for damages to cattle, 
crops, and soils from paper mill waste water that was discharged into 
the bayou. In 1948, International Paper Company and Louisiana State 
University entered into an agreement to establish experiments to de-
termine the validity of the farmers' claims for damages from flood-
ing of land with waste water that had been discharged into Bodcau 
Bayou. T he experiments established in 1948 and continued through 
1956 showed that flooding or some excessive irrigation of the soil with 
paper mill waste water did little or no damage to soil, cattle, or crops 
in most cases. It was observed that the controlled use of the waste 
water could be beneficial to the growth of crops. 
In 1957 new experiments were set up to determine the beneficial 
effects as well as the possible harmful effects with the use of paper 
mill waste water for the irrigation of corn in a rotation with oats, 
cowpeas, and vetch; rice in a rotation with cowpeas; Coastal Bermuda-
grass; a mixed meadow of Dallisgra s, common Bermudagrass, and 
fe ue; and corn grown continuously. For controls, the crops were 
irrigated with fresh well water and were also grown without irrigation 
or from rainfall as the only source of water. 
Corn in rotation was greatly benefited from the use of paper mill 
waste water for supplemental irrigation. The yield with waste water 
was 92 bushels per acre; with fresh well water it was 94 bushels, and 
without irrigation it was 65 bushels per acre for the 8-year period. 
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The effects of the u e of the wa te water on the soil showed no in-
creases in pH, exchangeable odium, or soluble salts. 
The ex periment u ing paper mill waste water for the irrigation of 
rice indi ated that wa te water could be used to irrigate rice without 
harmful effect . The ri e irrigated with the wa te water yielded 63 
bushel per acre, while the rice irrigated with the fresh well water 
produced 62 bu hels. The u e of the waste water for the irrigation 
of rice in reased the pH of the urface soil from 5.8 to 6.1. It increased 
the e changeable odium l m.e. and increased the soluble salts from 
272 to 35 l ppm; howe er, the e in rea es tended to disappear when 
the oil wa planted to cm pea . . pparently the high natural rainfall 
reduc d the exchangeable odium and soluble salts during the year in 
which cowpeas were grown\ ithout irrigation. 
A high yield of Coa tal Bermudagra , 8.7 tons of hay per acre, was 
obtained from plots irrigated with paper mill wa te water. There were 
small in rea es in pH and al o in the soluble and exchangeable sodium 
in the urface and ub urface la er from irrigation with the waste 
water. The changes in the e propertie were too low to be harmful over 
the 8-year period. 
A high yield of hay, 6.6 ton per acre, as made on the mixed 
meadow plots of Dalli gra , common Bermudagrass, and fescue irri-
gated wi th paper mill wa te water. in the Coastal Bermudagrass 
meadow, there were mall increase in the pH, Jubie sodium, and ex-
changeable odium ontent in plots irrigated with waste water. The 
pH in rea ed fr m 5.3 to 6.2, oluble odium from 24 to 161 ppm, and 
the exchangeable odium from 0.20 to 1.47 m.e. in the surface layer of 
the ii. The increa e were not inordinately high. The highest nitrogen 
content and aggregation ob erved in any f the exper iments were 
found in the mix d gra meadow plots irrigated with paper mill waste 
water. T he nitrogen ntent for the e plots was 0.085 per cent and the 
aggrega tion was 65 per cent. 
In an experiment where c rn wa grown continuously for a 9-year 
period, ery high yield for the cadia ery fine sandy loam soil were 
obtain d. he plots irrigated with paper mill waste water produced 
90. l bu hel of corn per acre and the nonirrigated plots produced 69.5. 
Another pa ture e p rim nt was et up to tudy the effects of lime 
and irrigation with paper mill wa te ' ater n the growth of Dallisgrass, 
common B rmudagra , and oa tal Bermudagras . The highest 
yi Id, 6.0 ton of hay per acre, came from the Coastal Bermudagrass 
plot wh i h were li med and irri at d with the waste water. In all cases 
plot irriga ted and limed ga e the hi her ield . There was no harmful 
build-up in alkalinity o er the 9- ear period. 
Waste water from the paper mill at pringhill , Louisiana, can be 
used on the Acadia ery fine and loam or imilar oil for the irriga-
tion of corn, rice, Coa tal Bermudagras , common Bermudagrass, Dal-
li gras , and fe cue without detrimental effects to crop yields or soil 
properties. 
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